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Introduction. Sansevieria liberica Gerome and Labroy (Agavaceae) is a perennial plant widely distributed in tropical Africa.
Preparations of the plant are commonly used across Nigeria for the treatment of inflammatory conditions. Based on the fact that
herbal medicine is a strong component of integrative medicine, this study was conducted to evaluate the anticancer activity of
root extracts of Sansevieria liberica. Methods. Sulforhodamine B (SRB) in vitro cytotoxicity assay, Sarcoma-180 (S-180) ascites and
solid tumor, and L1210 lymphoid leukemia in vivo models were used in this study. Results. SL-A002 (IC;, 23 ug/mL with HeLa),
SL-A003 (ICs, 22 ug/mL with HCT-116), and SL-A004 (IC, 23 and 18 ug/mL with A549 and THP-1, resp.) demonstrated significant
activity in the SRB cytotoxicity assay. Potency was highest with the following pairs of extract : cancer cell line: SL-A002 : HeLa (IC;,
23 ug/mL), SL-A003: HCT-116 (ICy, 22 yg/mL), and SL-A004 : THP-1 (IC, 18 ug/mL). SL-A002 demonstrated significant dose-
dependent antitumor activity in the Sarcoma-180 (S-180) ascites model with peak effect produced at the dose of 120 mg/kg (i.p.)
with inhibition of 89.36% compared to 97.96% for 5-FU (20 mg/kg i.p.). The inhibition of tumor growth by SL-A002 in the S-180
solid tumor model was 47.40% compared to a value of 50.18% for 5-FU. SL-A002 was also significantly active in the L1210 lymphoid
leukemia model with 158.33% increase in mean survival time, the same value for 5-FU. Conclusions. The hydroethanolic extract
of Sansevieria liberica, SL-A002, possesses significant anticancer activity to warrant further extensive study to identify, isolate, and
characterize the specific bioactive molecules responsible for the observed antitumor activity and the precise mechanism(s) of action.

1. Introduction

Cancer is a disease of multicellular organisms [1] charac-
terized by uncontrolled multiplication of subtly modified
normal human cells [2]. Cancer is a leading cause of death all
over the world and represents a major public health burden
[3]. Cancer is the leading cause of death in economically
developed countries and the second leading cause of death
in developing countries [4] and the burden of cancer is
increasing in economically developing countries as a result

of population aging and growth as well as, increasingly,
an adoption of cancer-associated lifestyle choices including
smoking, physical inactivity, and “westernized” diets [5]. It
has been estimated that the total number of new cases of
cancer will rise from 10 million in year 2000 by approximately
25% in each decade, reaching 24 million new cases per year
in the year 2050; the total number of deaths will rise from
6 million in the year 2000 to 10 million in 2020 to over 16
million in the year 2050; in the year 2050, there will be 17
million new cases of cancer in less developed countries, while
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only 7 million new cases of cancer will occur in the more
developed countries [6-8].

Opver the years, different approaches have been employed
and are still in use, individually or in combination, in the
treatment of cancer. These include chemotherapy, radiother-
apy, surgery, and immunotherapy. While surgery and radia-
tion therapy are used to treat localized cancers, chemother-
apy is used to treat cancer cells that have metastasized to
other parts of the body because they travel throughout the
body in the bloodstream [1]. The battery of available drugs
for systemic treatment of cancer encompasses alkylating
agents, antimetabolites, antibiotics, and hormones [9, 10].
Chemotherapeutic agents are cytotoxic and, apart from
affecting tumor cells, these active principles also deleteriously
impact on rapidly proliferating normal cells, including those
localized in the gastrointestinal tract, hair, and bone marrow,
thus eliciting gastrointestinal side effects like nausea and
vomiting, alopecia, and myelosuppression. According to Rao
et al. [1], the efficacy of cancer drugs is often limited by their
insolubility and instability, the low rate at which the tissue
absorbs them, and tumor’s drug resistance. Antitumor drugs
have also been associated with development of secondary
malignancy. All of the drawbacks presently associated with
available chemotherapeutic agents are impetus for the search
for newer, more efficacious, and better tolerated drugs.
Natural products, especially the plant kingdom, offer an
inexhaustible reservoir for investigation.

Plants have a long history of use in the treatment of
cancer [11, 12] and the interest in nature as a source of
potential chemotherapeutic agents continues [8]. The present
day research and development tailored towards the discovery
of new antiproliferative agents from natural products have
been buoyed by improvement in the science and technology
of anticancer drug discovery.

Sansevieria liberica Gerome and Labroy (Agavaceae) is a
perennial plant with thick woody rhizomes widely distributed
in the tropical, subtropical, and temperate zones of the
world, commonly located in shady places near streams and
rocky parts. The plant is commonly called “mother-in-law
tongue,” “African bowstring,” and “Leopard lily” Local names
in Nigeria include “Mooda” (Hausa; north), “Ebube-agu”
(Igbo; south-east), “Okonno” (Efik; south-south), and “Oja
ikoko” (Yoruba; south-west). Preparations of the plant are
used in the treatment of ear and eye infections, inflammation
(leaf juice); tooth ache (fruit juice together with fluid from
snails); fever, headache, and cold (fume from burning leaves
inhaled); cough, pain, inflammation, infections, convulsion,
diarrhoea, and as stimulating tonic (root decoction) [13].
Burkill [14] reported the use of the leaf and root preparations
of the plant in the treatment of haemorrhoids; ear and eye
troubles; pain; smallpox, chicken-pox, and measles; venereal
diseases; malnutrition; paralysis, epilepsy, convulsions, and
spasm; pulmonary troubles; and as vermifuge. Bero et al. [15]
also reported the use of the plant as remedy for parasitic infec-
tions. The antidiarrhoeal [16], hepatoprotective [17], CNS
depressant and anticonvulsant [18, 19], analgesic [19], anti-
inflammatory [20], in vitro antitrypanosomal, and antileish-
manial and antiplasmodial [15, 21] activities of extracts of the
plant had been reported.
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Long-standing inflammation secondary to chronic infec-
tion or irritation predisposes to cancer, and cancer and
inflammation are related by epidemiology, histopathology,
inflammatory profiles, and the efficacy of anti-inflammatory
drugs in prophylaxis [22]. Based on the fact that numerous
anti-inflammatory agents including those identified from
natural sources have been shown to exhibit chemopreventive
activities [23, 24], Aggarwal et al. [23] reported that such anti-
inflammatory agents can be used not only for prevention but
also for therapy of cancer.

Going by its use for the treatment of chronic inflam-
matory conditions [25], this study was designed to evaluate
the anticancer activity of root extracts of Sansevieria liberica
using a combination of in vitro and in vivo models.

2. Materials and Methods

2.1. Plant Material. Sansevieria liberica roots were obtained
from Mushin, Lagos State, Nigeria. The plant material was
identified and authenticated at the Forestry Research Institute
of Nigeria (FRIN), Ibadan, Nigeria, by Mr. T. K. Odewo
(Senior Superintendent), and the Department of Botany,
Faculty of Science, University of Lagos, Lagos, Nigeria, by
Prof. J. D. Olowokudejo. A voucher specimen (FHI 107621)
was deposited in the herbarium of FRIN.

2.2. Extraction. The fresh roots of Sansevieria liberica were
chopped into small pieces and air-dried at room temperature
over several weeks until a constant weight was obtained.
The dried pieces were powdered and weighed to obtain 4
portions of 100g each. Each of 3 portions of the milled
plant was macerated with alcohol (95% ethanol: A001),
hydroalcohol (ethanol and water, 1:1; A002), and distilled
water (A003), respectively, using 1500 mL of the individual
solvents. Maceration was done for 3h with mechanical
stirring (Heidolph RZR 2051 Control) with the speed set at
400 rpm. After maceration with stirring for 3 h, filtration was
carried out using Whatman filter paper (150 mm). Residues
were remacerated in the respective solvents also for 3 h with
mechanical stirring (x2) to achieve exhaustive extraction.

The combined filtrate of the alcoholic extracts was con-
centrated using Heidolph Rotavapor (LABORATA 4000)
with the speed set at 120 rpm and temperature at 40°C. The
concentrated extract was removed from the round bottom
flask with methanol and poured into weighed beakers. The
alcoholic solvent was allowed to evaporate. The alcoholic
extract container was designated as A001 and subsequently
put into a desiccator. The combined filtrate of the hydroal-
coholic extracts was evaporated to dryness with Rotavapor.
The dried solid extract was scrapped from the round bottom
flask into a weighed plastic container and designated as A002
with the precise extract weight indicated on the container.
This container was also subsequently put into a desiccator.
The combined filtrate of the aqueous extracts of the plant was
lyophilized, weighed, and put into a container designated as
A003.

The fourth portion 0f 100 g of the powdered plant material
was put into a 2000 mL separating funnel with the bottom
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lined with cotton wool and 1L of dichloromethane : methanol
(DCM : MeOH; 70:30) was put into the separating funnel.
Twenty-four hours after, the solvent mixture was drained
and the extraction liquid was filtered using Whatman filter
paper (150 mm). On the second and third days, 600 mL of the
DCM : MeOH solvent mixture was added to the separating
funnel, allowed to drain for 24 h, and filtered. The combined
DCM : MeOH extract was concentrated with Rotavapor with-
out vacuum and removed from the round bottom flask with
methanol and poured into a weighed beaker. The solvent was
allowed to evaporate; the container was designated as A004
and subsequently put into a desiccator. The yield (%) of the
extracts was obtained to be 19.49 (A001), 50.19 (A002), 46.37
(A003), and 17.27 (A004).

2.3. Chemicals. These were RPMI-1640, minimum essential
medium (MEM), fetal calf serum, trypsin, trypan blue,
ethanol, penicillin, streptomycin, gentamycin, dimethyl sul-
foxide (DMSO), sulforhodamine, mitomycin-C, paclitaxel,
and 5-fluorouracil (SIGMA Chemical Co., USA); phos-
phate buffer saline (PBS, MERCK, Germany); trichloroacetic
acid (TCA), distilled water, sodium hydroxide, Tris-EDTA
buffer, Tris buffer (Hi-Media); acetic acid, sodium bicar-
bonate, hydrochloric acid (RANKEM, New Delhi, India),
isopropanol (SISCO, Mumbai, India), and Tris-acetate-EDTA
buffer. All other chemicals used in this study were of analyti-
cal grade and were purchased locally.

2.4. Cell Lines and Cell Cultures. A549 (lung), HCT-116
(colon), PC3 (prostate), A431 (skin), HeLa (cervix), and THP-
1 (leukemia) human cancer cell lines were obtained from
the National Cancer Institute, Frederick, USA. The cells
were grown and maintained in appropriate medium, pH 7.4,
supplemented with 10% fetal calf serum, glutamine (2 mM),
penicillin (100 units/mL), and streptomycin (100 pg/mL). The
cell cultures were grown in a carbon dioxide incubator
(Heraeus, GmbH, Germany) at 37°C with 90% humidity and
5% CO, [26, 27].

2.5. Animals. Inbred BALB/c, outbred Swiss albino, DBA/2,
and CDFI mice used in this study were obtained from
different laboratories. The animals were maintained at 23
+ 2°C with 20-25 complete air changes with 100% fresh
air, with relative humidity maintained at 50-60%. The mice
were housed in transparent polycarbonate filter top cages in
animal isolator cabins and were fed with pelleted feed (M/s
Ashirwad Industries, Chandigarh, India) and autoclaved
water ad libitum. Mice selected for experiments were of the
same sex and strain, healthy, and free from any disease. These
were in the weight range of 18-23g (about 2 months of
age). The experimental procedures employed in this study
were approved by the Institutional Animal Ethics Committee,
Indian Institute of Integrative Medicine, Jammu, India.

2.6. In Vitro Cytotoxicity against Human Cancer Cell Lines.
The in vitro cytotoxicity of the extracts of Sansevieria
liberica was determined by semiautomated assay using
sulforhodamine-B (SRB) [26-28]. The human cancer cell

lines were grown in tissue culture flasks at 37°C in an atmo-
sphere of 5% CO, and 90% relative humidity in complete
growth medium. Flasks with subconfluent stage of growth
were selected and cells were harvested by treatment with
trypsin-EDTA. The number of cells/mL of suspension was
counted using haemocytometer. The cell density was adjusted
to 10,000 cells/100 uL, or as appropriate for each cell line, in
the cell suspension. One hundred pL of cell suspension was
added to each well of 96-well plates with the help of handy-
step. The plates were incubated at 37°C in an atmosphere
of 5% CO, and 90% relative humidity for 24 h. Thereafter,
100 uL of working solution of each test material was added
to the wells of the 96-well plates. The stock solutions of the
extracts (20 mg/mL) were prepared in DMSO and serially
diluted with complete growth medium such that 100 yL of
working solutions of each extract gave concentrations of 10,
30, and 100 yg/mL (final DMSO concentration was 0.5%
highest to 0.001% lowest) added to the 96-well cell culture
plates. The 96-well cell culture plates contained appropriately
seeded cells (e.g., 8000 cells/100 uL for HCT-116 and A43l;
10000 cells/100 uL for HeLa) and all vehicle controls con-
tained the same concentration of DMSO.

The plates were incubated for 48 h at 37°C in an atmo-
sphere of 5% CO, and 90% relative humidity. Thereafter,
50 uL of chilled 50% TCA was gently added to each well of
the plates, making a final concentration of 10%. The plates
were incubated at 4°C for 1h to fix the cells attached to the
bottom of the wells. The plates were then washed 5-6 times
with distilled water and thereafter air-dried. To each well,
100 uL of SRB dye (0.4% wt/vol in 1% acetic acid) was added
and left at room temperature for 30 min. Thereafter, the plates
were washed with 1% acetic acid. The plates were again air-
dried and 100 L of Tris buffer (10 mM; pH 10.5) was added
to each well. The plates were shaken gently for 10-15 min. on
a mechanical shaker. Blank wells contained medium but no
cells and the control wells contained cells but no test samples.
The optical density (OD) of the plate wells was recorded with
a microplate reader at 540 nm and data were maintained.
Growth inhibition was calculated as the percent survival of
treated cells over control cells x 100 (T'/C%):

%Growth inhibition

OD (test sample) — OD (blank)

=100 —
OD (control) — OD (blank)

)

x 100.

2.7 In Vivo Anticancer Activity Evaluation

2.71. Sarcoma-180 (S-180) Ascites Model. This was carried
out according to the methods described by Monks et al.
[29] and Chashoo et al. [30]. S-180 cells were harvested
from the peritoneal cavity of Swiss albino mice, used for
propagation, harbouring 8-10-day-old ascitic tumor. On day
0,1 x 107 cells/animal was injected i.p. into the peritoneal
cavity of BALB/c mice of the same sex. The tumor infected
animals were then randomized and divided into different
groups based on the treatment schedule, including one



control (normal saline) group and one standard drug (5-FU)
group. From days 1 to 9, the different treatment groups
were administered i.p. SL-A001, A003, A004 (100 mg/kg),
and A002 (80 mg/kg), 5-FU (20 mg/kg), and normal saline
(0.2mL/mouse). On day 12, all the animals were sacrificed
under diethyl ether anesthesia and the ascitic fluid was
collected from the peritoneal cavity of each mouse for the
evaluation of tumor weight, volume, and cell number. The
percent inhibition of tumor was calculated; thus

((Average number of cells in controls
—Average number of cells in treated animals) 2)

- (Average number of cells in controls)_l) x 100.

Based on the highest value of tumor growth inhibition
and least mortality, SL-A002 was subjected to a graded dose
(80, 100, and 120 mg/kg i.p.) evaluation in this model.

2.7.2. Sarcoma-180 (S-180) Solid Tumor Model. This evalu-
ation followed the same procedure outlined in the ascites
model except that tumor cells (1 x 107 cells/animal) were
injected im. into the right thigh of BALB/c mice of the
same sex on day 0. Based on its effectiveness in the ascites
model, SL-A002 was evaluated in this model at the dose
of 100 mg/kg i.p. Normal saline (0.2 mL/mouse) and 5-FU
(20 mg/kg) given i.p. served as control and standard drug,
respectively. On day 13, the longest and shortest diameters of
tumors were measured with a vernier caliper and the tumor
volume was determined according to established procedure
(31, 32]:

2
Tumor volume (mm ) = (sz—W) (3)

Percent inhibition of tumor:

((Average tumor volume of controls
—Average tumor volume of treated animals) (4)

- (Average tumor volume of controls)fl) x 100.

2.7.3. L1210 Lymphoid Leukemia Model. L1210 lymphocytic
leukemia cells were harvested from the peritoneal cavity of
DBA/2 mice used for propagation, harboring 7-day tumor
cells. On day 0, 2.5 x 10° cells were injected i.p. into CDF1
mice of the same sex. From days 1to 9, the different treatment
groups were administered i.p. SL-A002 (100 mg/kg), 5-FU
(20 mg/kg), and normal saline (0.2 mL/mouse). The animals
were observed for mortality and the mean survival time
(MST) was calculated; thus

Y S+ 6S; — 19NT

bl 5
S — NT ©)
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FIGURE I: In vitro cytotoxic activity of SL-A001 against various
human cancer cells lines in the SRB assay. Estimated IC, values
are >100, 75, 82, >100, >100, and 82 ug/mL for A549, HCT-116, PC3,
A431, HeLa, and THP-1, respectively.

where S is number of survivors on day 5, ) S is sum of daily
survivors from day 6 to day 18, and NT is number of no takes
(survivors beyond day 18):

T
%E = (MSTTreatment + MSTControl) x 100, (6)

where T is mean survival time (MST, days) of the drug treated
mice, C is mean survival time (MST, days) of untreated
control animals, T/C% < 125% is toxic/inactive, and T/C% >
125% is significant antileukemic effect [33].

2.8. Statistical Analysis. The results obtained in this study are
displayed as mean + SEM. Data analysis was done using one-
way ANOVA followed by Dunnett’s multiple comparison test
(GraphPad Prism 5, GraphPad Software Inc., La Jolla, CA,
USA). Values were considered significant at P < 0.05.

3. Results

3.1. In Vitro Cytotoxic Activity. The results of the in vitro
cytotoxicity using SRB assay are presented herein based on
the recommendation of the National Cancer Institute (NCI,
USA) that 30 ug/mL is the upper ICs, limit considered
promising for purification of a crude extract [34].

SL-A001 did not produce significant effect on all the
human cancer cell lines used in this study (Figure1). SL-
A002 and SL-A003 showed significant activity on HeLa and
HCT-116 human cancer cell lines with ICs, values of 23 and
22 ug/mL, respectively (Figures 2 and 3). In respect of SL-
A004, as shown in Figure 4, significant cytotoxic activity was
elicited on A549 and THP-1 human cancer cell lines with IC,
values of 23 and 18 ug/mL, respectively.
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FIGURE 2: In vitro cytotoxic activity of SL-A002 against various
human cancer cells lines in the SRB assay. Estimated IC;, values are
>100,73, 83, NA, 23, and >100 pg/mL for A549, HCT-116, PC3, A431,
HeLa, and THP-1, respectively. NA implies not active.
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FIGURE 3: In vitro cytotoxic activity of SL-A003 against various
human cancer cells lines in the SRB assay. Estimated IC;, values are
NA, 22,72, >100, 85, and >100 ug/mL for A549, HCT-116, PC3, A431,
HeLa, and THP-1, respectively. NA implies not active.

3.2. In Vivo Anticancer Activity of SL Extracts against
Sarcoma-180 Ascites in Balb/c Mice. The initial screening
results for the effects of SL extracts on Sarcoma-180 ascites
model in mice are shown in Table 1. SL-A001 (100 mg/kg),
SL-A002 (80 mg/kg), SL-A003, and SL-A004 (100 mg/kg)
produced tumor growth inhibition values, based on the
number of tumor cells, of 0, 62.34, 65.15, and 23.54%, with
mortality values of 0, 0, 42.86, and 14.29%, respectively. The
inhibitory effects were significant (P < 0.01) compared to
control in respect of SL-A002 and SL-A003, but these effects

100
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Human cancer cell lines
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Hl 30ug/mL
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FIGURE 4: In vitro cytotoxic activity of SL-A004 against various
human cancer cells lines in the SRB assay. Estimated IC;, values are
23,72,75, >100, >100, and 18 ug/mL for A549, HCT-116, PC3, A43],
HeLa, and THP-1, respectively.

were significantly lower (P < 0.05, 0.01) compared to 5-
FU (97.19%). The effect of SL-A004 was also significantly
lower (P < 0.001) compared to 5-FU. SL-A002 also caused
significant (P < 0.01, 0.001) inhibition of tumor growth
at doses of 100 and 120 mg/kg with values of 83.80 and
89.36%, respectively, with no mortality, compared to 5-FU
(97.96%). This shows dose-dependency in its antitumor effect
considering the doses of 80, 100, and 120 mg/kg used in
this study (Table2). A graphical representation of tumor
inhibition values in this model is presented in Figure 5.

3.3. In Vivo Anticancer Activity of SL-A002 Extract
against Sarcoma-180 Solid Tumor in Balb/c Mice. SL-A002
(100 mg/kg) produced significant inhibition in tumor growth
on days 9 and 13 with values of 53.42 and 47.40%, respectively.
These effects were comparable and not significantly different
(P > 0.05) from those elicited by 5-FU (63.39 and 53.42%,
resp.). SL-A002 also caused significant reductions (P < 0.01,
0.001) in body weight on days 5, 9, and 13 (Table 3). A
graphical representation of tumor inhibition values in this
model is presented in Figure 5.

3.4. Effects of SL-A002 Extract against L1210 Lymphoid
Leukemia in CDFI Mice. The effect of SL-A002 (100 mg/kg)
on L1210 lymphoid leukemia model is shown in Table 4. SL-
A002 increased the mean survival time from 12 days to 19 days
corresponding to 158.33% increase in mean survival time.
This value was the same as for 5-FU.

4. Discussion

Cancer therapy in the form of surgery or radiotherapy is
effective when the disease is early detected but many cancers
are still diagnosed when cells from a primary tumor have
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TABLE 4: Effect of SL-A002 extract against L1210 lymphoid leukemia in CDF1 mice.

Treatments Dose (mg/kg) Mean survival time Increase in mean survival time (%) Inference
Normal saline (0.2 mL/mouse) 12 — —

5-FU 20 19 158.33 Significant activity
SL-A002 100 19 158.33 Significant activity

T/C% < 125% = toxic/inactive.
T/C% > 125% = significant antileukemic effect.
n = 6, 10 for control.
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FIGURE 5: Graphical representation of tumor inhibition values in the
S-180 ascites and solid tumor models.

already metastasized to other parts of the body and the
main form of treatment at this point is chemotherapy [35].
Chemotherapy entails delivering drugs systemically so that
they can reach and kill the tumor cells, but most of these
drugs cause severe side effects in patients and, therefore,
need to be used at suboptimal levels. According to Jemal et
al. [36], the low efficacy of chemotherapy in patients with
advanced cancers is reflected in the low 5-year survival rates
observed in these patients and the low efficacy of cancer
therapy for the treatment of patients with metastasis makes
the development of novel chemotherapeutic agents necessary.
Denny and Wansbrough [37] reported that a major challenge
is to design new drugs that will be more selective for cancer
cells and thus have lesser side effects.

Integrative medicine with the approach of combining
conventional western medicine with alternative or comple-
mentary treatments, such as herbal medicine, acupuncture,
massages, biofeedback, yoga, and stress reduction techniques
[38], is being used to complement orthodox medicines
and treatment approaches in the management of cancer
patients. According to Lammersfeld [39] patients may turn
to integrative therapies when the disease they are battling

does not respond to traditional medical therapies and/or to
help reduce symptoms while improving overall well-being,
and among cancer patients more than half use some kind
of integrative therapy, according to a 2012 meta-analysis in
integrative cancer therapies.

Plants have served as a rich source of therapeutic agents
for many centuries, being used themselves or as the basis for
synthetic drugs [40], and despite the great developments in
organic synthesis, 55% of recent chemotherapeutic drugs are
derived from or based upon natural products [41]. The use of
plants as food and in folk and traditional medicine has made
these natural resources one of the main agents in the research
and development of cancer chemopreventive drugs [42, 43].
According to Rates [44] and Jemal et al. [45], the interest
in alternative therapies using natural products is increasing,
especially those derived from plants, due to the increasingly
high number of cancer cases worldwide. In order to look
for new sources of therapeutic anticancer agents, many plant
extracts and active principles have been studied in in vitro
and in vivo cancer models, and the correlation of both studies
became one of the key steps for the success of this type of
research [40, 41].

In this study, the hydroethanol extract of the root of
Sansevieria liberica (SL-A002) was significantly active (IC5, <
30 ug/mL [34]) against HeLa cancer cell line, the aqueous
extract (SL-A003) against HCT-116, and the DCM : MeOH
extract (SL-A004) against THP-1 and A549 human cancer
cell lines. Only SL-A002 showed significant activity in the
Sarcoma-180 ascites model with peak tumor growth inhibi-
tion of 89.36% produced at the dose of 120 mg/kg relative to
97.96% for 5-FU at 20 mg/kg. The hydroethanol extract of
Sansevieria liberica was subsequently found to be active in
the Sarcoma-180 solid tumor model eliciting 47.40% tumor
growth inhibition at the dose of 100 mg/kg compared to
50.18% for 5-FU at the dose of 20 mg/kg. This extract was
also found to be significantly active in the L1210 lymphoid
leukemia model with T/C value of 158.33% at the dose of
100 mg/kg, the same value for 5-FU (20 mg/kg).

Prior to this study, no report of anticancer activity of
Sansevieria liberica was seen from extensive literature search.
However, other species have been investigated and reported
[46-50].

5. Conclusion

Based on the results obtained in this study, in which the
SRB in vitro cytotoxicity assay, the Sarcoma-180 ascites,
Sarcoma-180 solid, and L1210 lymphoid leukemia in vivo



10

models were used, it can be concluded that the hydroethano-
lic root extract of Sansevieria liberica, SL-A002, possesses
significant anticancer activity to warrant further extensive
study. Further research works are in view to identify, isolate,
and characterize the specific bioactive molecules responsible
for the observed antitumor activity and their precise mecha-
nism(s) of action.

Conflict of Interests

The authors declare that there is no conflict of interests in
respect of this study.

Acknowledgments

The authors express their gratitude to the Federation of
Indian Chambers of Commerce and Industry (FICCI) and
the Department of Science and Technology (DST), Ministry
of Science and Technology, Government of India, for the
Award of the CV Raman Postdoctoral Fellowship (June 5-
December 1, 2012) to the first author, Dr. Abidemi James
Akindele, which facilitated the research visit and project, and
Dr. Ram A. Vishwakarma (Director at the Indian Institute of
Integrative Medicine (IIIM), Jammu, India) for the platform
provided for the research endeavor.

References

(1] M.R.P. Rao, U.R. Adagale, A. Shetty, P. Namjoshi, P. Gaitonde,
and P. Jain, Cancer Immunotherapy, 2007, http://www.phar-
mainfo.net/reviews/cancer-immunotherapy.

[2] M. Mubeen and S. G. Kini, “A review on the design and
development of EGFR tyrosine kinase inhibitors in cancer
therapy;,” International Journal of Therapeutic Applications, vol.
5, pp. 29-37, 2012.

[3] S.U.Park, “Anticancer compounds from plants,” EXCLI Journal,
vol. 11, pp. 386-389, 2012.

[4] World Health Organization (WHO), The Global Burden of
Disease: 2004 Update, WHO, Geneva, Switzerland, 2008.

[5] A. Jemal, E Bray, M. M. Center, ]. Ferlay, E. Ward, and
D. Forman, “Global cancer statistics,” CA Cancer Journal for
Clinicians, vol. 61, no. 2, pp. 69-90, 2011.

[6] C. J. Murray and A. Lopez, The Global Burden of Disease,
Harvard University Press, Cambridge, UK, 1996.

[7] United Nations Development Programme (UNDP), Human
Development Report 2000, Oxford University Press, Oxford,
UK, 2000.

[8] G.Schwartsmann, M. J. Ratain, G. M. Cragg et al.,, “Anticancer
drug discovery and development throughout the world,” Jour-
nal of Clinical Oncology, vol. 20, no. 18, pp. 47s-59s, 2002.

[9] A.Goldin, P. V. Woolley, K. D. Tew, and P. S. Schein, “Sources of
agents and their selection for antitumor activity screening,” in
Anticancer Drug Development, P. Hilgard and K. Hellman, Eds.,
pp- 9-45, Prous, Barcelona, Spain, 1983.

[10] A. M. Burger and H.-H. Fiebig, “Preclinical screening for new
anticancer agents,” in Handbook of Anticancer Pharmacokinetics
and Pharmacodynamics, W. D. Figg and H. L. McLeod, Eds., pp.
29-44, Humana Press, New York, NY, USA, 2004.

Evidence-Based Complementary and Alternative Medicine

[11] G. M. Cragg and D. J. Newman, “Medicinals for the millennia:
the historical record,” Annals of the New York Academy of
Sciences, vol. 953, pp. 3-25, 2001.

[12] D.J. Newman, G. M. Cragg, and K. M. Snader, “The influence
of natural products upon drug discovery;” Natural Product
Reports, vol. 17, no. 3, pp. 219-220, 2000.

[13] J.M. Wattand M. J. Breyer-Brandwiijk, Medicinal and Poisonous
Plants of South and Eastern Africa, Churchill Livingstone, 2nd
edition, 1962.

[14] H. M. Burkill, The Useful Plants of West Tropical Africa, vol. 3,
1985.

(15] J. Bero, V. Hannaert, G. Chataigné, M.-F. Hérent, and J. Quetin-
Leclercq, “In vitro antitrypanosomal and antileishmanial activ-
ity of plants used in Benin in traditional medicine and bio-
guided fractionation of the most active extract,” Journal of
Ethnopharmacology, vol. 137, no. 2, pp. 998-1002, 2011.

[16] O.O. Adeyemi, A. J. Akindele, and E. A. Ogunleye, “Evaluation
of the antidiarrhoeal effect of Sanseviera liberica Gerome &
Labroy (Agavaceae) root extract,” Journal of Ethnopharmacol-
ogy, vol. 123, no. 3, pp. 459-463, 2009.

(17] J. C. Ikewuchi, C. C. Ikewuchi, N. M. Igboh, and T. Mark-
Balm, “Protective effect of aqueous extract of the rhizomes of
Sansevieria liberica gérome and labroy on carbon tetrachloride
induced hepatotoxicity in rats,” EXCLI Journal, vol. 10, pp. 312-
321, 2011.

[18] O. O. Adeyemi, O. K. Yemitan, and O. O. Adebiyi, “Sedative
and anticonvulsant activities of the aqueous root extract of
Sanseviera liberica Gerome & Labroy (Agavaceae),” Journal of
Ethnopharmacology, vol. 113, no. 1, pp. 111-114, 2007.

[19] S. Umukoro and R. B. Ashorobi, “Effects of the methanol leaf
extract of Sansevieria liberica on the central nervous system in
mice,” Journal of Natural Remedies, vol. 8, no. 2, pp. 242-246,
2008.

[20] E.C. Chinasa, I.-A. S. Ifeoma, E. C. Obodoike, and E. S. Chhuk-
wuemeka, “Evaluation of anti-inflammatory property of the
leaves of Sansevieria liberica ger. and labr. (fam: Dracaenaceae),”
Asian Pacific Journal of Tropical Medicine, vol. 4, no. 10, pp. 791-
795, 2011.

[21] J. Bero, H. Ganfon, M.-C. Jonville et al., “In vitro antiplasmodial
activity of plants used in Benin in traditional medicine to treat
malaria,” Journal of Ethnopharmacology, vol. 122, no. 3, pp. 439-
444, 20009.

[22] S. Rakoff-Nahoum, “Why cancer and inflammation?” Yale
Journal of Biology and Medicine, vol. 79, no. 3-4, pp. 123-130,
2006.

[23] B. B. Aggarwal, S. Shishodia, S. K. Sandur, M. K. Pandey, and
G. Sethi, “Inflammation and cancer: how hot is the link?”
Biochemical Pharmacology, vol. 72, no. 11, pp. 1605-1621, 2006.

[24] B. B. Aggarwal and S. Shishodia, “Molecular targets of dietary
agents for prevention and therapy of cancer; Biochemical
Pharmacology, vol. 71, no. 10, pp. 1397-1421, 2006.

[25] M. B. Amida, O. K. Yemitan, and O. O. Adeyemi, “Toxicological
assessment of the aqueous root extract of Sanseviera liberica
Gerome and Labroy (Agavaceae),” Journal of Ethnopharmacol-
0gy, vol. 113, no. 1, pp. 171-175, 2007.

[26] S. Samanta, A. Pain, S. Dutta et al., “Antitumor activity of
nitronaphthal-NU, a novel mixed—function agent,” Journal of
Experimental Therapeutics and Oncology, vol. 5, no. 1, pp. 15-22,
2005.

[27] P. R. Sharma, D. M. Mondhe, S. Muthiah et al, “Anti-
cancer activity of an essential oil from Cymbopogon flexuosus;



Evidence-Based Complementary and Alternative Medicine

Chemico-Biological Interactions, vol. 179, no. 2-3, pp. 160-168,
20009.

[28] P. Skehan, R. Storeng, D. Scudiero et al., “New colorimetric
cytotoxicity assay for anticancer-drug screening,” Journal of the
National Cancer Institute, vol. 82, no. 13, pp. 1107-1112, 1990.

[29] A. Monks, D. Scudiero, P. Skehan et al., “Feasibility of a high-
flux anticancer drug screen using a diverse panel of cultured
human tumor celllines,” Journal of the National Cancer Institute,
vol. 83, no. 11, pp- 757-766, 1991.

[30] G. Chashoo, S. K. Singh, P. R. Sharma et al., “A propionyloxy
derivative of 11-keto- 3-boswellic acid induces apoptosis in HL-
60 cells mediated through topoisomerase i & II inhibition,”
Chemico-Biological Interactions, vol. 189, no. 1-2, pp. 60-71, 2011.

[31] R. I. Geran, N. H. Greenberg, M. M. MacDonald, A. M.

Schumacher, and B. J. Abbott, “Protocols for screening chemical

agents and natural products against animal tumors and other

biological systems,” Cancer Chemotherapy Reports, vol. 3, pp. 1-

103, 1972.

F. Malik, A. Kumar, S. Bhushan et al., “Immune modulation

and apoptosis induction: two sides of antitumoural activity

of a standardised herbal formulation of Withania somnifera,

European Journal of Cancer, vol. 45, no. 8, pp. 1494-1509, 2009.

[33] N. Todorova, M. Ilarionova, K. Todorov, and D. Todorov,
“Antileukemic activity of epirubicin conjugated with biopoly-
mer dextran against lymphoid leukemia L1210 as tumor model,”
Biotechnology and Biotechnological Equipment, vol. 18, no. 2, pp.
128-130, 2004.

[34] R. A. Mothana, U. Lindequist, R. Gruenert, and P. J. Bednarski,
“Studies of the in vitro anticancer, antimicrobial and antioxidant
potentials of selected Yemeni medicinal plants from the island
Soqotra,” BMC Complementary and Alternative Medicine, vol. 9,
article 7, 2009.

[35] C. Martin-Cordero, A. J. Leon-Gonzalez, J. M. Calderon-
Montano, E. Burgos-Moron, and M. Lopez-Lazaro, “Pro-
oxidant natural products as anticancer agents,” Current Drug
Targets, vol. 13, no. 8, pp. 1006-1028, 2012.

[36] A.Jemal, R. Siegel, J. Xu, and E. Ward, “Cancer statistics, 2010,”
CA Cancer Journal for Clinicians, vol. 60, no. 5, pp. 277-300,
2010.

[37] B.Denny and H. Wansbrough, “The design and development of
anti-cancer drugs,” XII-Biotech-J-Cancer Drugs, pp. 1-12,1995.

(32

[38] K. Kam, “What is Integrative Medicine? Experts explore new
ways to treat the mind, body, and spirit—all at the same
time,” 2009, http://www.webmd.com/a-to-z-guides/features/
alternative-medicine-integrative-medicine.

[39] C. Lammersfeld, “Integrative medicine: a team approach to
cancer treatment,” 2014, http://www.cancercenter.com/discus-
sions/blog/integrative-medicine-a-team-approach-to-cancer-
treatment/.

[40] G. M. Marchetti, K. A. Silva, A. N. Santos et al., “The anticancer
activity of dichloromethane crude extract obtained from Calea
pinnatifida,” Journal of Experimental Pharmacology, vol. 4, pp.
157-162, 2012.

[41] D.J. Newman and G. M. Cragg, “Natural products as sources
of new drugs over the 30 years from 1981 to 2010,” Journal of
Natural Products, vol. 75, no. 3, pp. 311-335, 2012.

[42] G. M. Cragg and D. J. Newman, “Nature: a vital source of leads
for anticancer drug development,” Phytochemistry Reviews, vol.
8, no. 2, pp. 313-331, 2009.

[43] FE R. F Nascimento, G. V. B. Cruz, P. V. S. Pereira et al,
“Ascitic and solid Ehrlich tumor inhibition by Chenopodium

1

ambrosioides L. treatment;” Life Sciences, vol. 78, no. 22, pp.
2650-2653, 2006.

[44] S. M. K. Rates, “Plants as source of drugs,” Toxicon, vol. 39, no.
5, pp. 603-613, 2001

[45] A. Jemal, R. Siegel, E. Ward, Y. Hao, J. Xu, and M. J. Thun,
“Cancer statistics, 2009,” CA Cancer Journal for Clinicians, vol.
59, no. 4, pp. 225-249, 2009.

[46] G.R. Waller and K. Yamasaki, Saponins Used in Traditional and
Modern Medicine, Plenum Press, New York, NY, USA, 1996.

[47] Y. Mimaki, M. Kuroda, A. Yokosuka, and Y. Sashida, “Steroidal
saponins from aerial parts of Sansevieria cylindrica, Natural
Medicines, vol. 52, article 374, 1998.

[48] P. K. Haldar, B. Kar, A. Bala, S. Bhattacharya, and U. K.
Mazumder, “Antitumor activity of Sansevieria roxburghiana
rhizome against Ehrlich ascites carcinoma in mice;” Pharmaceu-
tical Biology, vol. 48, no. 12, pp. 1337-1343, 2010.

[49] D. Philip, P. K. Kaleena, and K. Valivittan, “In-vitro cytotoxicity
and anticancer activity of Sansevieria roxburghiana,” Interna-
tional Journal of Current Pharmaceutical Research, vol. 3, no. 3,
pp- 71-73, 2011.

[50] G. R. Pettit, Q. Zhang, V. Pinilla et al., “Antineoplastic agents.
534. Isolation and structure of sansevistatins 1 and 2 from the
African Sansevieria ehrenbergii, Journal of Natural Products,
vol. 68, no. 5, pp. 729-733, 2005.



